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的抗肿瘤策略。利用导向载体构建载体-tTF 融合蛋白，将截断的组织因子 tTF 选
择性靶向于肿瘤组织血管膜表面，可以诱发肿瘤组织血管栓塞，阻断肿瘤营养物
质和氧气的供给，引发肿瘤缺血性坏死，发挥抗肿瘤作用。Neuropilin-1 (NRP-1)               
是相对分子质量(M r ) 为 120–130 kDa 的跨膜糖蛋白，被发现在肿瘤内皮细胞和
肿瘤细胞上都有高表达。Neuropilin-1 是血管内皮生长因子 165 (VEGF165)的非
酪氨酸激酶受体，它的过表达与肿瘤血管新生和生长相关，因此 NRP-1 可能成
为抗肿瘤治疗的靶点。Haiyan Jia 等设计出的短肽 EG3287，可以与 Neuropilin-1
发生特异性结合，EG3287 是 VEGF165 的一个片段，它保留了与 NRP-1 结合的
能力，但不会触发细胞内的信号通路，为此我们用 EG3287 作为靶向载体构建融
合蛋白 tTF- EG3287，选择性地诱导肿瘤血管栓塞。 
为了获得重组 tTF- EG3287 基因及有活性的蛋白产物，我们利用 PCR 技术
构建了 EG3287 与 tTF 的融合基因，克隆基因至原核表达载体 pET32b(＋)，IPTG
诱导表达，通过优化其表达条件，实现目的蛋白在大肠杆菌 BL21(DE3)中的高效
表达，结果发现目的蛋白以包涵体形式表达,用镍亲和层析柱纯化目的蛋白，透
析法进行复性。凝血实验和 FⅩ活化实验证实融合蛋白保留 tTF 部分活化 FⅩ和
引发血液凝固的的活性；免疫荧光实验的结果显示，融合蛋白 tTF- EG3287 能使
ECV304 细胞膜带上红色荧光，而等摩尔浓度的 tTF 蛋白不能，说明融合蛋白的
EG3287 部分保持了生物活性，能与 ECV304 细胞发生特异性结合。体内实验显
示融合蛋白 tTF- EG3287 能有效抑制鼠源性肉瘤 S180 的生长,在 S180 小鼠模型
中，tTF- EG3287 的抑瘤率可达到 64.6％。组织学观察发现融合蛋白能选择性定
位于肿瘤组织，并选择性诱发肿瘤组织血管栓塞，导致肿瘤细胞坏死，而对正常
组织没有毒副作用。 
总之，我们通过基因工程技术成功地构建了 tTF- EG3287 的融合基因，并在


















Selective thrombosis in tumor vessels and induction of subsequent tumor 
infarction is a promising anti-tumor strategy. tTF(truncated tissue factor) is only the 
extracellular domain of tissue factor. When tTF is targeted to the tumor vasculature by 
the ligand of tTF fusion protein and contacts with the cell membrane closely, it could 
induce thrombosis in tumor vasculature and cut off nutrition and oxygen supplies of 
tumor, which results in necrosis of the tumor and produces anti-tumor effects. 
Neuropilin-1 (NRP-1) is a 120–130 kDa single spanning transmembrane glycoprotein, 
was found over expressed on endothelial and some tumor cells. Neuropilin-1 is a 
non-tyrosine kinase receptor of vascular endothelial growth factor-165 (VEGF165).  
The over-expression of Neuropilin-1 is correlated with tumor angiogenesis and 
progression, so NRP-1 could be the target for anti-cancer strategy. EG3287 is a 
specific binding peptide to NRP-1 on endothelial cells,which developed by Haiyan Jia 
et al. EG3287 is  fragment of VEGF, which remains binding activity to NRP-1,but 
no signaling. In order to develop a new agent for selective thrombosis of tumor blood 
vessel, we used EG3287 as a targeting carrier to generated the fusion protein of tTF. 
The fused genes of tTF with EG3287, were constructed by PCR, and then were 
inserted into vector pET32b(＋), expressed efficiently in E.coli BL21(DE3) under 
optimization condition. The fusion proteins were expressed as inclusion bodies under 
IPTG induction. and purified through Nickel-affinity chromatography column. The 
tTF activity of fusion proteins was analyzed by clotting assay and FⅩ-activation 
assay. The results indicated that both of them could activiate FⅩ and cause blood 
coagulation. Immunofluorescence experiments showed that ECV304 cells treated 
with tTF- EG3287 were found to have RBITC red fluorescent signals, but cells treated 
with the equimolar tTF were found to have. Red fluorescent signals were found on the 
membrane of cells and distributed in each cell in tTF- EG3287 group, but not found 
on the the membrane of cells treated with tTF.The results revealed that the fusion 
protein retained its ability of binging the receptor expressing on the cell surface. In the 














EG3287 was 64.6%. In histological studies, the selective localization of the fusion 
proteins was observed. Blood vessels in the tumors in the treated group were 
thrombosed and occluded, and tumor cells around the occluded vessels appeared 
damaged. No thrombosis in blood vessels and cell damage, or other side effects were 
observed in normal tissues. 
In summary, the fused genes tTF- EG3287 were constructed by gene engineering 
technology, and fusion protein were expressed efficiently in E.coli. Fusion proteins 
tTF- EG3287 could selectively induce thrombosis in tumor vessels and limit the 
growth of tumor. All these lay the foundation for supplying one new vascular 
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图1  肿瘤血管与正常血管的体系结构差异 
Figure 1 Architectural difference between vasculature in normal (small 
arrows) and tumour tissue (thick arrows) 
图2 肿瘤生长过程中关键步骤的简略示意图 
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要的作用，它们迁移到含氧量低的地方增殖形成新生血管，再从循环血液得到白
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